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Environmental'monitoring for hazardous chemical contaﬂinaﬁté
"produces.a COnstant‘demandqfor improved and more sensitive analytical
?ultra—trace levels (pico-gram or sub-nano gram levels)._ For~ example,
2,3,7,8- tetrachloro dibenzo-p—dioxin has recently been recognized as
probably oné of the most toxic chemical contaminants known to man and
a reliable methodology is needed tosmeasure‘environmental concentra-

tions ‘and assessvits toxicity and impact.

Significant errors can arise in analysis of contaminants
‘present-atglon{parts per’tfillion levels for several reasons. Parti-
: culate matter which has a tendency to adsorb organics from the
lanoratory atmosphere can contaminate samples during processing. Many
: sYnthetic‘matepials used in the construction of laboratories contain
“leachable, volatile organics, sUcn as phtnalate esters, and these can
cause difficulties during‘quantitation. In addition, the safety ot
‘laboratory personnel couid be jéopardized when handling nazardous
'chemicals and/or developing methodologies for hazardous substances.
Various government agencies are becoming increasingly concerned with

the use of known and potentially hazardous, carcinogenic and highly
toxic substances in their laboratoriea. At -the same time, these
agencies are increasing their efforts to ensure that good quality data
are produced so that baseline studies and assessment of various )

hazardous chemicals can be carried out.




‘In 197d.to”1979, a need was recognized within the Analytiégl
i \;MEthcds biyisinn (AMD) of the National Water Research Institute for a

‘ - ', :‘~11s?ecial laboratcry facility,_to carry out methods.development research
on hazardons combounds (eg, 2,3,7,8-TCDD and nitrdsamines) at‘
'nltra-tracedleVels-' The primary aim was to provide maximim protection
lfbrvthe lahoratory'staff and other personnel invthe huilding as well

as an isElatedvclean environment.to minimise cross-contamination ofl

- samples during concentration and cleanup steps. Although the labora- '
.tory. was primarily intended for analytical methods development and |
rconfirmation, it was,designed as a multi-user facilitity to accomodate

the rediiirements of several programs at CCIW.

This article will describe the special features of the
’ties encounteredAduring the construction, the special safety proce—
idures that will be-adcpted and the‘analytical instrUmentation and
research that will be carried out in this laboratory. The laboratory
'contains features from clean rooms used by chemists for ultra-trace
' _gnalysis.cpmbined with some prqtective containment features used by

‘biologists when working with contageous organisms.

ﬂﬁ:Laboratogy"Désigg

| ’ R The primary consideration in the design was to build a .

“'_7versatile facility with high safety standards to carry out methods




.-_‘development work for organics at ultra-trace léﬁels. The general

design criteria for tﬁe above were considered to be:

D

' 2)

3)’

&)

5)

All air entering the laboratory mist have negligible
particulate level and should not contain any volatile

organics.

" All the walls, ceiling, windows and fixtures mist be as

airtight as possible to- prevent dust penetration.

‘A1l the walls, ceilings and floor coveriﬁgs mst be of

~ nonshedding and unleachable materials to minimize the

particulate level and to eliminate leaching of chemical -

vapours 1ifito the atmosphere.

“The laboratory must be kept under constant negative

pressure."The negative pressure must increase within
various zones in the laboratory and should be maximum

in the area where toxic cheﬁicals are fo be stored.

The laboratory must be equipped with well designed
hoods and enciosed_wotk areas wheté_éample concentra-
tion, clééngﬁ and pretreatment can be carried out Wiﬁh-
out exposiﬁg workers to any poténtial health hazards

as well as minimizing sample c:oss-chcamination.




6) The air leaving the laboratory must undergo
degonfamination prior to its exhaust into the open

atmosphere.

7)  The 1nstrumehtation mist be compact, easily serviceable
- and easy to decontaminate in case of any hazardous

chemical spills. .

. 8) The laboratory must be isolated from all other

laboratories in the building.

Y

A floor plan of the laboratory is shown in Figure 1. The

‘laboratory is divided into five areas which are arranged in a dead

" end chain with each area separated by a door. The air pressure

incfeaseS’nggatively with respect to the rest of the building as one

;

-moves from Zone 1 to the-glové box in Zone 3 (as shown in Figure 2).
-An electrical interlogking system isfuéed on the doors between the

entrancg;VeStibule/gdne I and zone II/shOwer/zone III so that both

doors canmot be opened simultaneously. This ensures that a clean (low

particu1At¢) atmosphéré is maintained and it also improves safety

- ﬁithiﬁ vérious afeas_of tﬁe'labbratory.

The ehtrance vestibule is used as a hand washing station, as

"a change rooﬁffo: putting on disposable lint free clothing,band for

'.storége of sémples fér'analygis. A desk is provided for workup of




>Qu'date‘generated within the laboratory. A log is maintained of all

eJ_‘persons entering the ladb as well as of the number of samples and the

,type/quantity of hazardous chemicals ugsed in the facility. The
,vestibule also accomodates a service panel for all electrical services

, within»the laboratory.

"Zone I is deéignated as the main area for pretreetment of

~ samples as well as fofﬂthe‘experimental work for concentration,
cieaeﬁp'end defivation ffior fo'analysis. The majority of

be carried oﬁt in this area.. The area is equipped with 2 L-shaped
enclosed work areas for sample preparation and clean-up. One of'the
enclosed work areas is aiiided‘by a vertical sliding sash to allow the
weighing of chemicals in an isolated environment. These work areas
end the inside wall surfece‘are stainless steel. They are equipped
with sinks, electrical and gas services with remote controls and
'independent exhaust. Special ventilated storage cabinets for
;chémiéals:and solvents are also provided. Each work area is previded
with horizentally sliding glass doors (3'x3') which allows an average
l_fgce Yeloeity of 150 fpm for a single opening. The doors are
connected'with an"aufemated alarm system which.is activated when more
~‘than one deor is opeﬁed et>any ﬁime. This ensures that the opt {mum
face velocity is maintainedvin order toiretain volatile chemical

vapors and minimize out-leakage of fumes. The exhaust air is HEPA

filtEYEdo




Zone 1'is also equipped with two additional hoods; (1) an

P ac14fhood specially designed to provide horizontal as Weilias vertical

*air flow to e1iminate:any buildvup of acid fumes and again to protect:

the operator during experimentation. The acid hood has an independent'r‘

‘air supply which is filtered’thfough activatéd carbon and

HEPArfilter. (ii) A modified class II hood prov1des an ultra-clean -
(negligible particulate matter) atmosphere for carrying out
experiments where samples mst be exposed to the open atmosphere for &
cOhsiderable length‘of time. The clean air from the laboratory enters
the modified class II hood and is recirculated through several
HEPA-filters‘in'seriestprior to entering the work area of the hood.
The face of the hood is also provided with an air curtain which acts
as’a barrier between the working area within the hood and the

environment of the laboratory. iAgain'this design is to protect both

| the sample and the operator from contamination.j.The exhaust from both

‘hoods is HEPA-filtered prior to discharge to the open atmosphere.

These hoods are also provided with an independent and remotely

c0ntroiled water supply as well as electrical and gas services. Zone

‘I has sufficient stainless steel bench top space to accomodate ovens,

furnaces and other general purpose,instrUmentatiom, A cartridge water
deionization system is installed to provide high purity water in this -

zone of the laboratory.

Zone II 1stdesigmed as an instrumentation room. High

‘pressore 11qdidvchromatography and gas chromatography are the major




‘techniques which will be employed during the optimization of
f  methodo1ogy and the screening of samples for ultra-trace analysis.
A_AThese samples will be furtheruconfirmEd using-other techniques such as
GC/Mvahich is iocated in another laboratory on the same‘floor. A
flexible_elephag; trunk exhaust sﬁétem is installed above the bench
areas to provide the necessary exhaust for solvent and other gaseous
vapoéurs generafed by the analytical instrumentation. The benches are
also provided with enamelled cabinets for storage of spare parts and
éther éonSumablé'itéms. This zone is equipped with a modified
ultraipure:cleén air héod (class II) to be used for storing the
- samples to bévgnalysed as well as to serve'as4a link to zgne III where
tﬁe hazardbus substances will be»used and stored. The modified class
‘VII hood is connected via a “pass-through chamber" with the glove box
in zone III. The pass through has two doors which are electrically |
interlocked #o that both doors can not be opened at any given time.
‘All the samples that need spiking, vials for dilute standards, etc.,
“that will be required in Zoqé III, will‘be placed in a glass tray and
left in ;he;pasg—through. ‘These willqthen be piéked up by a person in

zone III.

Similarly,'all étgndard solutions prepared in this glove box will be
'C-brought.to zone I Qf II via the "pass through chamber”™ and the
- modified class IT hood. The reason for this particular design and
practice was to limit the handling of cOncentrated'solutions of

hazardous chemicals in other zones of the laboratory. This area would




also serve to locaiize anyisolutions containing hazardous materials so

':that in case of gooident'the area can easily be_decontaminated.

Zone III is an L-shaped roor and contains & change
room/shower afeaoés'well as a specially designed stainless steel glove
box whieh.is used<to store the hazardous substances.and concentrated
solutions'of'toXic chemicals. The change,roomlghower area 1is
sepa:a:;édfron zone 11 and the glove box area by two electrically
interiockiné‘doors.' Allipersons_entering zone III would be forced to
leave ail samplesvand/or vials in the oassfthrough chamber attached to
the modified ;c_léss II “l,jiood] in zone II. The 'opérator would then dress
in avdisposabie gown before notking in the glove box. A shower is

also proVidedﬂin'the change room foriwashup'or decontamination.

The containnent'facility for the hazardous substances has

several sections' (1) weighing area and storage area for solid

_-materials, (ii) dilution and work up area, (1i1) pass-through chamber,
“and (iv) modified cIsss II hood. All are arranged to form a single

unit, Weighing and work up area is a divided 6-port glove box. This

'wgpart of the containment facility is located in zone III. The glove

‘ box area is kept constantly at a negative pressure of 0.5 water with

hfifrespect to the_suxrounding area of zone III. The two individual

cbmpartments are‘separated by a vertiCally sliding sash. The area at
the end of the glove box will be used for storing, weighing and

'preparing the stock solution of hazardous substances. - The area nearer
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the pass through will be used to spike the samples or prepare dilute

~_standards. The pass through is the only entrance to the

glove-compartment. All work will be carried out using the

glove-ports.

The laboratory includes several additional features, such as
:stainless stéelvbench tops apd enamelled storage cabinéfs, epoxy
‘sealed surfaces, seamless flooring with seanless fldor.to wall
‘1§£erfaéé regidns. eyevwash,.;hands-free"xintercom system that permits
"voice commUni?atioh, fire'élarﬁ systems, monitqring systems for air
flows and meégﬁring pegative pressures of/v;rious zones'within the
laborg;ory, back-up battery-operated emergency lighting, and
antifstgtgc éircq;try. In addition, floor corners have been cutved
an& dust-trapping ledges‘eliminated for ease of‘cleaning. Viewing
. windoés'aﬁd‘gggled mirrors are provided so that workers in the

‘labéréfory can be observed from the outside.

Airflow and Filtration

In order ;o degreasé airborne particulate matter and
2  qiﬁ1miie buildup bf‘éolgcile vapors in the clean rdoms, it 1is
1m§ortgnt to have laminar airflow so that all ait-Volumeé mbvé through
‘_;hé various a;éas with uniform velocity. Ihe laboratbry must be
'sugplied wi;h sufficignt air inpuf to ptoVidé proper ﬁovehent

through thg lgboratqry as well as through the hood exhausts. To

iy
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maintainAthe lamineriflow pattern it is‘important,that_air_must not
rec_i-rculace. within the roon,. The ~;1,ab6,fat-ory has an ’1ndependent air
"f:supoly‘whieh is carbon and HE?A—filtered prior to entering the
laboratory. The outgoing é:i;i.-' is HEPA-filtered to remove any chemical
dust or -par.t.ijcul_ate mat.t.e‘r generated within the laboratory before
oeing'exhauSted to the outside of the building, fhe‘only exception is
» the acid hood in Zone I. The exhaust from these cabinets is not
filtered because derivation work is done with dilute solutions and no

particles are generated during the work up of samples.

The laboratory is designed to provide varying airchanges
ranging from one air change in every 7 minutes in the entrance

vestibule area to one airchange per 14 minutes in zonme III.

The existing air supply to the building has a 2 stage dry
: type filtrationusystem with a;final filtration efficiency of 85% NBS
dustfspot; The Clean and Hazardous"chemieals laboratory_required a’
_-neW'faéility where the existing building supply air was passed through

- activated charcoal and HEPA filters to remove volatile atmospherie

e \»organics as well as airborne particulate matter to negligible levels.

-The laboratory also required large exhaust air volumes (and thus
‘supply aierolumes) in order to maintain negative pressure patterns
'ﬁithin the room and to provide the necessary ventilation. The

‘ following were determined as optimun exhaust ventillation requirenents

_for various areas within the CHCL'
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- Eptrahce vestibule exhaust (50 CFM)
- Exﬁausf for véﬁf_i»lat-ed élass fume cabinet with.
horizontal ﬁoﬁylar 3'x3f:siiding doors'(1350 CFM)
- .'Exhaustbfo£ acid hood (1200 C?M)
-  Class II héods'(22480 CFM) |
- fLéXiBle'eléphénf trunk exhau§t sysfgm (140 cFM)
- fShowerfexhaust»(100 CFﬁ) |
' —lﬂ Cqstom'deéighég glo§¢ box (SO_CFﬁ), and
- General laboratory exhaﬁst](3CO_CFMkexhaus; based on

approximately 40 air changes)

‘ - - The design 'éf -t—he air handling and purification system _wé_s
 _Yery coﬁple#. ‘A schematic of the air movement system is shown in

Figu;e 2.  A nﬁmbér of exhaust ventillation systems were CQmﬁined to

| facilitate inétaliatiou. viﬁe‘fdilowing combinations wererfouﬁd to be

'compatable aﬁdvgonseduenﬁly were selected:

- Class II'hoodAexhaust system: cbmbined for Class I

hoods in zone 1 and 2

- L=shaped cabinets in zone I are combided with entténce

vestibule exhaust
- Acid'fumeﬁqu‘éxhaust

- Zone 3 genefal laboratory exhaust COmbiﬁed with shower

- , ‘ | . . exhaust and giove'box'exhaust.'
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All systems exhaust fans are located in the mechanical
",.ééﬁthouSe above the CHCL. The booster fans provide‘sqpply air at the
1féqu£fed'§nantities in the CHCL. These are located above the ceiling

in the cqrridor 6utside-the l#borétory.

, Hgggé_gpqggéélosed.ﬂbrk Areas

’ < -Veﬁ§1l£ted hooas and enclosed wbrk afeag were required which
would have sufficient exhaust to capture and retain the atmospheric
goﬁg;miﬁgnts geﬁerated witﬁinlit; It was also decided that the hoods
»‘in>CHCt'shouiﬂ’hébé suff1cién; fage.openings 8o that sample handling
‘cbﬁLQ«bé‘garried out gasily. VéorAekamplg, if waé decided to maintain
‘3'#3"opéﬁ;ng.in the,area'ﬁhere sample conpentration and cleanup will
be}carried out. Thiévopehing nﬁst have a>face ﬁelocity of 150 fpm to
eliminété»outleakageﬂof‘ahf haéardous‘vaéoufs duriﬁg‘experiﬁentat10n.
. Tﬁe aciafﬁbod,and Eiass I1 hoddsﬂiﬁ:zdne 1 énd 2 neede& extensive
'modificationﬁto satisfy.thé criﬁeria for'the.CHCL¢ Theic6ntainment
facility (glove box, paSSéthfough‘and Class II hood) for storing the
haé.ardous chemicals’ had to be specially des_igﬁed- The ‘pefformanée of
'this‘fggility is.ébnStgntly monitored. An auxillary mecﬁénism is
included in casé of‘bbwer faiiure,.chénée in air pfessure or in.the
‘ 9ase of an acﬁident.» This mechénism will isolate the glove box area

- from the CHCL as well as from the building.
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tg;ggfyicai,rLéboratogy,g;umb;gg;and Other Services

Electrical services to the laboratory enter various areas by

means of conduits. Seals are installed in and around the conduits to

vptevent ¢t083 contamination. The electrical distribution is achieved

by 120/208 v 30A pane;; This panei prévides the entire power
requitéﬂgnté of the laboratory including all outlets and lighting. A
sepafatg féed‘from the_emergehéy powet system of the.building is also
lcoﬁnectéa to this panél in order that the laboratory can opefate' |
shoﬁld'a power failure occur. |

~
.

The lighting in the laboratory cbhsists of double 4 ft

’lfldOréscent,»glass lens type, surface mounted fixtures directly

gecured to the ceiling. Seals are installed in and around the

"conduits that enter the fixture from the ceiling céVity above to
.pxeﬁént dust leakage. The light fixtures are finished in white baked

. enamel. The light levels for general illumination afe between 50 and

‘80‘foot éandles. qup;ementéry_lighting for enclosed work areas and
hoods is provided in the form of yellow ligﬁt to minimize any
photo-decomposition of the analyte during sample processing. These
afeas are also providedAwith UV-1lights whiéh will be used for
ﬂecontamination in case of spill and/or accident. Light switches with
silicon sealed stainless steel plates are used to control lights

within the room.
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An intercom system is'instailed.to permit voice

- communication between the zoned areas. One station per zone and one

- for the éhénge,tqom/shéwég area 1s provided. The system operates
fhénds-fteg“_gnée'fﬁe call has been initiated. Alternatively, the
éyétem can'ﬁE'left With all zones "ON" for total "hands-free"
Opératioha'bA ielephoné in zone I is alsb,pravided with extensions in

zone II and III for external communication.

A-firé glarm,consistgngibf a smoke detector system and

vafioﬁé-oﬁher'alafh systems are installed within the room and will be
activated;in:case of fire, malfunctioning of airflow system or change

- 4n aif ﬁressure‘énd ait flow.

,“Staﬂdard pidmbing services are provided and are detailed
in the~aféhitec£ural @fawings. All ﬁhe gases needed ih the
(laﬁdrétdfies'éré'§¢0red;in‘thevpenthouse»abdve the laboratory. A
‘suiﬁabiélmaniféld{is used to deliver the ﬁgcessary gases to the
véfious zones withiﬁ the laboratory. The flow of gésés 1s‘controlled

by two stage fegulaﬁoré outside and inside the laboratory.

Thé'speéial saféty features inéqrporated into the laboratory

" have aireadylpeeh described in the earlier sections. The laboratory
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"~ will be operated under the gqidancé of a multi—agéncy safety’éOmmit-

,;gee,'consiSting of the CCIW,safety officer and representatives from

';NWRI, CCIW,.Départment_of National Health and Welfare, and Natiohal
‘ Ré#ea;ch Council. This committee will be responsible for compiling a
.specia1'safety procedurestanug; for the laboratory and for ensuring

~ day to'day»compliénce by all staff using the facility. With the

fiaborafory‘only having been opened a few weeks, it is too early to
':eﬁort on“gny'specific safety problems encountered. However, our

 appr6éch tOVSafety‘Will tend towards a common-sense appreciation of

-‘hazafd;. we will emphasize that the practice of safety in the chemical

Ilaboratd:y réquirés‘a desire on the part of the individual to protect .

‘himself~and his»éssociates as well as a need to follow a set of rules.

ring and Medical Surveillance

VTo ensure a clean and safe working envirornment in the CHCL,
 the;atmdsphére will be regﬁlérly monitdfed fof particulate matter and
volatile organics. Tﬁejdetailed methodolbgy for monitoring volatile
contaminants 1n the 1aborato;y-ﬁi;1 dgpend.upon the type of work to

be carried out. Bench tops, walls, etc. will also be monitored for

. possible spills Or_éccidents. Appropriate decontamination procedures

U will be estéblighed depending upon the tYpe'bf‘coﬁtamination detected.
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- The staff working in this laboratory will undergo extensive

'and regular medical Sufveillance. The health inventory examination

- for workers will include:

- Comﬁlete routine physical examination
- . Genetic history
= - Clinical laboratory profile

-:  Evidence of acute, subacute and chronic intoxication.

‘ggggf9£591ean;ggg_Hazardous Chemicals Laboratory

s )

The'CHCL will be used to develop and document reliable
analytiéal methodoiogies, including sample preparation procedures, for
;dioxins and gﬁhgr trace or hazardous contaminants. These documented

methods will be distributed to analyticai service laboratories which

'wiilibe responsible'for routine sample preparation and analysis.
 After methodologies have been developed, regular service laboratory

_'.facilifies should be adequate for most routine sample processing.

Stringent_cieanliness will be':equired in the CHCL and therefore there

will be some limit-on the number of personnel working at any given

“.  time in the 1aborat6ry-

The role of the CHCL, once the methods have been developed,

‘would be to prepare and provide dilufed standards to theé analyticél

service LabofatOriés,.prdvide confirmation service and to process and




analyze a -Lj;ﬁi;ed nmnb'gx:' of v>sp1:l.t s'a'u":plg‘s for quaiity control

vzpurpdéés;  w;th this attangemeng, tﬁutiné samfle prbcéssing“and

"‘gnaLysis‘can ﬁelcafrigd oﬁfvip-the.éervice laboratories, the standards
énd qdalif&»cogtrol will beldé the highés;‘calibre;and the unique
" fégiiit1§§‘pf ﬁhé_CHCLAcaﬁ be qsed mostli-fdr methods deve10pment or.

' other research,

A'd_ilaf‘gram of the intended use of the :lab_orajt;ory. is shown

below:
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ROLE OF CLEAN & HAZARDOUS CHEMICALS LABORATORY

IN ANALYSIS OF HAZARDOUS AND TRAGE;CONTAMINANTS

i

GC/MS |, Methodology

High Resolution B ' | :
(AMD) ‘ : CHEMICALS LABORATOBY=

S ICLEAN & HAZARDOUS

Methodology &
Standards

S e om mre e e

Quality Control

GC/MS
. - : - ' Low Resolution |
t'*Qua;th - 'Quality ' - (Service Laboratory)  ’
.. Control . . ' 1
. (split samples)

}'Routtne
Samples

| sampLe |- | SAMPLE PREPARATION
| coLLECTION | "| & PRE-SCREENING
— ' LABORATORY

( Routine Samples -
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Figure 1 Floor plan of Clean & Hazardous Chemicals Laboratory |

~ Figure 2 ~Schematic of air handling system for C]ean & Hazardous
‘ ' Chemicals. Laboratory
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